Introduction
Pore filling technique is the method to physically or chemically fill polymer into nano to micron-sized pores of porous substrate [1, 2] . The technique is promising to fabricate functional membrane, because the polymer confined in the pore by mechanically strong substrate can exhibit excellent properties.
Among others, plasma-induced graft polymerization technique (PIGP) is an appropriate methodology to fabricate pore filling membrane [1] ; PIGP can chemically fix mobile linear polymer onto pore surface of porous substrate. PIGP also has favorable features that can modify only the pore surface throughout membrane thickness and cause little damage to the substrate. Via PIGP, several fascinating membranes such as pervaporation membrane having high performance [1] , ion gating membrane and biomolecular recognition gating membrane whose permeability can be finely controlled by specific ion and biomolecular signal [3, 4] , protein refolding assisting membrane having zwitterionic sulfobetaine group [5] , and proton exchange membrane for fuel cell [6] have been exploited up until now.
While direct grafting of various monomers has become possible via PIGP [6] in recent years, introduction of large size functional molecule like protein is still challenging because their monomer analogue has generally low reactivity. In such a case, the preparation of precursor membrane and its subsequent functionalization with large mole-cule would be a prospective strategy. In the present study, activated ester, which had high reactivity with amino group, was chosen to fabricate the precursor membrane. N-Isopropylacrylamide (NIPAM) and acrylic acid (AAc) were grafted to porous substrate via PIGP, and then quantitative immobilization of N-hydroxysuccinimide (NHS) activated ester onto AAc was attempted. Further, membrane functioning with protein via activated ester was demonstrated. The schematic of the present study is summarized in Scheme 1.
Methodology

Materials
Polyethylene (PE) porous substrate having a thickness of 27 µm, maximum pore diameter of 150 nm, and porosity of 50% was kindly supplied by Asahi Chemical Co. Ltd., Japan. Ethanol, N,N-dimethyl formamide (DMF), AAc, NHS, and water soluble carbodiimide (WSC), acetate buffer, PBS buffer, sodium chloride, and Tween 20 were purchased from Wako Pure Chemicals, Japan, and used as received except that AAc was used after distillation under reduced pressure. Bovine serum albumin-fluorescein isothiocyanate conjugate (f-BSA) was purchased from Sigma-Aldrich Japan. NIPAM was kindly provided by the Kohjin Co., Ltd., Japan, and was used after purification by recrystallization from hexane and acetone to remove inhibitors.
Poly(NIPAM-co-AAc) Graft Polymerization in Membrane Pore via Peroxide Method
In the present study, peroxide method [7] was adopted to proceed PIGP. Firstly, porous PE substrate prewashed with hexane was treated with an 30 W argon plasma at a pressure of 10 Pa and then was exposed to air for 60 sec to generate peroxide groups on its pore surface. 80 mol% NIPAM and 20 mol% AAc were dissolved in RO water to prepare 3 wt% monomer aqueous solution and the solution was preliminarily deoxygenated by nitrogen substitution. By immersing the substrate in the solution at 80 ºC, the peroxide groups were broken to give active radical sites, and graft polymerization reaction proceeded from the initiator radicals. Reaction time was 10 min. Resulting membrane (Poly(NIPAM-co-AAc) grafted membrane) was washed with water and ethanol several times and was analyzed by FT-IR spectroscopy FT/IR-6200 (Jasco, Japan), after drying.
Filling ratio Φ [cm 3 3 ] and was assumed to be 1.0 [8] . In the porous PE substrate, surface area of outer surface is about 10 4 times smaller than that of pore surface, thus the amount of grafted polymer on the outer surface was ignored.
NHS Activated Ester Substitution of Acrylic Acid in Grafted Membrane
NHS and WSC were dissolved into DMF to prepare 0.96 wt% solution (weight ratio of NHS to WSC was 7 to 3). Membrane prepared in section 2.2 was incubated in the solution at 30 ºC for 24 hours. After extensive wash with DMF and ethanol, the membrane (Poly(NIPAM-co-AAc-co-NHS) graft membrane) was vacuum-dried at 60 ºC overnight. The membrane was characterized via FT-IR spectroscopy.
NHS substitution ratio y NHS [mol/mol] was determined by two different methods. One is gravimetrical method: from the membrane weight gain through substitution, y NHS can be calculated using the following equation. The other y NHS is obtained by spectroscopic determination of NHS detached from activated ester substituted membrane. The membrane was treated in 0.1 M NH 3 aqueous solution for more than 6 hours to decompose all of NHS in the membrane as shown in Scheme 1 [9] . Using calibration curve, NHS contained in the membrane can be calculated using the following equation. 
Protein Modification of NHS Activated Ester Substituted Membrane.
Poly(NIPAM-co-AAc-co-NHS) membrane (Φ = 10.2 %, y NHS = 28 %) was incubated in aqueous solution of 1 mg/ml f-BSA at pH 7.4 and 37 ºC for 2 hours. After incubation, the membrane was washed with acetate buffer (pH 4.0, 0.02 M, including 0.15 M NaCl and 0.5 ml/L Tween 20) and PBS solution (pH 7.4, 0.02 M, including 0.15 M NaCl and 0.5 ml/L Tween20) repeatedly. The surface of the membrane before and after modification of f-BSA was observed by using fluorescence microscope LSM 710 (Carl Zeiss, Germany).
Results and Discussion
Analysis of Poly
The successful fabrication of poly(NIPAM-coAAc) grafted PE membrane was ascertained by weight gain and FT-IR. Filling ratio of the membrane was determined to be 19.7 % by using eq. (1). IR spectrum of the membrane was shown in Figure  1 . The peak at 1725 cm -1 can be designated to carboxylic acid of AAc [10] . As the characteristics of NIPAM moiety, the peaks at 1650 and 1550 cm can be designated to imide group in NHS [12] closely similar to its monomer analogue of acryloxysuccinimide [13] .
NHS substitution ratio, y NHS , determined via gravimetrical method eq. (2) is 73 %. On the other hand, y NHS determined via NHS decomposition method eq. (3) is 72%. The fine coincidence between the two methodologies strongly suggests that quantitative modification of the membrane with NHS activated ester is possible.
3.3. Modification of Poly(NIPAM-co-AAc-co-NHS) Grafted Membrane with Protein.
By modifying NHS activated ester membrane with f-BSA having fluorescent moiety, the existence of the protein on the membrane surface can be observed by using fluorescence microscope, as shown in Figure 2 . The image of the membrane strongly suggests that f-BSA is attached on the surface of NHS activated ester membrane.
Conclusion
NHS activated ester was fixed on pore filling membrane prepared by PIGP peroxide method. NHS substitution ratio y NHS of the membrane was quantitatively determined by both of gravimetrical and spectroscopic methods. The NHS modified membrane is suggested to be used for the immobi- lization of large molecule like protein. This is encouraging for fabricating further membrane having highly functional moiety on grafted polymer.
